Introduction {#S0001}
============

Glioma, a kind of malignant brain tumor, is one of the most deadly cancers in adults.[@CIT0001] In spite of significant advance has been made in the diagnosis and treatment of glioma, the prognosis is still dismal and the median survival time for high-grade glioma patients is only 10--15 months.[@CIT0002]--[@CIT0004] Hence, elucidating the pathogenic mechanisms at the molecular level and searching effective therapeutic strategies are critical for the treatment of glioma.

Long non-coding RNAs (lncRNAs), more than 200 nucleotides, play essential roles in tumorigenesis in a variety of cancers and without protein-coding ability.[@CIT0005]--[@CIT0007] It has been confirmed that the aberrant expression of lncRNAs is tightly associated with diverse biological processes, such as cell differentiation, cell growth, apoptosis, cell cycle, drug resistance, metastasis, and epithelial-mesenchymal transition.[@CIT0008],[@CIT0009] LncRNAs are considered to be critical regulators of tumorigenesis and cancer progression, and more and more lncRNAs have been identified as oncogenes or tumor suppressors.[@CIT0010] LncRNA AGAP2 antisense RNA 1 (AGAP2-AS1), an antisense lncRNA located at 12q14.1, has been identified as an oncogene in multiple cancers, such as breast cancer,[@CIT0011] non-small cell lung cancer,[@CIT0012] and gastric cancer.[@CIT0013] Additionally, Zheng et al pointed out that AGAP2-AS1 abundance was enhanced in glioma tissues and cells.[@CIT0014] However, the involvement of AGAP2-AS1 in glioma pathogenesis remains to be explored.

Recent reports have proven that lncRNAs serve as competing endogenous RNA (ceRNA), which interact with microRNAs (miRNAs) and modulate the expression of miRNA target genes.[@CIT0015] MiR-628-5p is found to be a potential biomarker in several diseases, such as ovarian cancer,[@CIT0016] prostate cancer,[@CIT0017] and acute myeloid leukemia.[@CIT0018] Additionally, miR-628-5p has been reported to be expressed at a low level in the glioma tissues and cell lines.[@CIT0019] However, the interaction between AGAP2-AS1 and miR-628-5p has not been reported. Pleiotrophin (PTN), located on chromosome 7, is expressed in the brain during embryogenesis and commonly upregulated in many cancers, including glioma.[@CIT0020],[@CIT0021] Bioinformatics analysis exhibits the potential binding sites between miR-628-5p and AGAP2-AS1 or PTN. Thus, we supposed that AGAP2-AS1 might regulate the progression of glioma through acting as a sponge of miR-628-5p to regulate PTN expression. In the current study, the abundance of AGAP2-AS1 was measured in glioma tissues and cells. Moreover, the biological functions of AGAP2-AS1 in glioma cell growth, apoptosis, migration, and invasion were further investigated. Furthermore, we explored the ceRNA regulatory network of AGAP2-AS1/miR-628-5p/PTN in glioma cells. Collectively, this research showed a new ceRNA regulatory network in glioma.

Methods {#S0002}
=======

Patients' Specimens {#S0002-S2001}
-------------------

Nontumorous brain tissues (NBTs) and glioma tissues were provided by The Fifth Affiliated Hospital Sun Yat-Sen University in this study. NBTs were collected from 14 patients who underwent a partial brain resection because of traumatic brain injury or intracerebral hemorrhage. Glioma clinical tissues were collected from 55 patients with glioma requiring surgical resection. In these tissues, 30 cases were low-grade glioma tissues (LGG; grade II) and 25 cases were high-grade glioma tissues (HGG; grade III and IV). These participants did not receive chemotherapy, radiotherapy or others' therapy before surgery. This study was approved by the Research Ethics Committee of The Fifth Affiliated Hospital Sun Yat-Sen University. All participants signed the informed consent. Fresh samples were promptly frozen in liquid nitrogen and then stored at −80°C before use.

Cell Culture and Transfection {#S0002-S2002}
-----------------------------

Two glioma cell lines (U251 and LN229) were purchased from COBIOER (Nanjing, China), and two other glioma cell lines (A172 and SHG44) were obtained from Cell Bank of the Chinese Academy of Sciences (Shanghai, China). Normal human astrocytes (NHAs) were brought from Lonza (Basel, Switzerland). These cells were grown in Dulbecco's modified eagle medium (DMEM; Invitrogen, Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS), penicillin (100 U/mL) and streptomycin (100 μg/mL) (Gibco, Carlsbad, CA, USA) in a humidified atmosphere with 5% CO~2~ at 37°C.

The small interfering RNA against-AGAP2-AS1 or PTN (si-AGAP2-AS1 or si-PTN) and their control (si-control), miR-628-5p mimic or inhibitor (miR-628-5p or miR-628-5p inhibitor) and their control (miR-control or inhibitor-control), and AGAP2-AS1 overexpression vector (AGAP2-AS1) were obtained from GenePharma (Shanghai, China). Lentiviral small hairpin RNA targeting AGAP2-AS1 (sh-AGAP2-AS1) and its control (sh-control) were provided by Ribo Bio Corporation (Guangzhou, China). SHG44 and U251 cells were transfected with oligonucleotides or vectors using the Lipofectamine 3000 reagent (Invitrogen).

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR) {#S0002-S2003}
----------------------------------------------------------

Total RNA from tissue and cell lines was extracted using TRIzol reagent (Invitrogen). The first strand of complementary DNA (cDNA) for AGAP2-AS1 and PTN or miR-628-5p was synthesized with TaqMan Reverse Transcription Kit or TaqMan microRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA), respectively. Real-time PCR was performed on a 7900HT Fast RT-PCR instrument using SYBR Green PCR Master Mix (Applied Biosystems) and following the primers: AGAP2-AS1 (Forward, 5ʹ-TACCTTGACCTTGCTGCTCTC-3ʹ; Reverse, 5ʹ-TGTCCCTTAATGACCCCATCC-3ʹ), miR-628-5p (Forward, 5ʹ-GCTGACATATTTACTAGAG-3ʹ; Reverse, 5ʹ-GAACATGTCTGCGTATCTC-3ʹ) PTN (Forward, 5ʹ-AGAAGCAATTTGGCGCGGA-3ʹ; Reverse, 5ʹ-TGCACCACCAACTGCTTAGC-3), GAPDH (Forward, 5ʹ-CGCTCTCTGCTCCTCCTGTTC-3ʹ; Reverse, 5ʹ- ATCCGTTGACTCCGACCTTCAC-3ʹ), U6 (Forward, 5ʹ-CTCGCTTCGGCAGCACAT'; Reverse, 5ʹ-CGCAAATTCGTGAAGCGTTCCA3ʹ). Analysis of relative AGAP2-AS1, PTN or miR-628-5p expression was evaluated with 2^−ΔΔCt^ method with normalization to GAPDH or U6, respectively. All experiments are performed three times.

Cell Proliferation Assay {#S0002-S2004}
------------------------

Cell Counting Kit-8 (CCK-8; Beyotime, Shanghai, China) was used to determine cell proliferation capacity. In brief, SHG44 and U251 cells growing at an exponential rate were seeded in 96-well plates (4000 cells/well). CCK-8 (10 μL) solution was added to the culture medium at 0 h, 24 h, 48 h and 72 h after transfection, then incubated for an additional 3 h. After that, the absorbance was evaluated at 450 nm under a microplate reader (Bio-Rad, Hercules, CA, USA). All experiments are performed three times.

Cell Apoptosis Assay {#S0002-S2005}
--------------------

Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (PI) apoptosis detection kit double staining kit (BD Biosciences, Franklin Lakes, NJ, USA) was utilized to detect cell apoptosis. In brief, SHG44 and U251 cells growing at an exponential rate were seeded into 6 cm dishes and transfected with si-control, si-AGAP2-AS1, miR-control, miR-628-5p, miR-628-5p + AGAP2-AS1, si-PTN, or si-PTN + miR-628-5p inhibitor. After transfection for 48 h, SHG44 and U251cells were collected, washed, and re-suspended in binding buffer (500 µL), followed by staining with Annexin V-FITC and PI for 15 min. Finally, cell apoptosis was analyzed by a flow cytometer (BD Biosciences). Non-apoptotic cells were deﬁned as Annexin V-FITC^−^/PI^−^, early apoptotic cells were deﬁned as Annexin V-FITC^+^/PI^−^, late apoptotic/necrotic cells were deﬁned as Annexin V-FITC^+^/PI^+^, and dead cells were deﬁned as Annexin V-FITC^−^/PI^+^. All experiments are performed three times.

Transwell Assay {#S0002-S2006}
---------------

For cell invasion assay, the transfected SHG44 and U251 cells were suspended in serum-free DMEM (100 μL) and placed in the upper chamber of transwell chamber (8 μm pore size, Corning Inc., Corning, NY, USA) containing a Matrigel-coated (BD, San Jose, CA, USA), while cell migration assay did not coat with Matrigel. DMEM with 10% FBS (500 μL) was added to the lower chamber. Following incubation for 48 h, non-migrated and non-invaded cells were scrubbed by a cotton swab; migrated and invaded cells were fixed with 4% paraformaldehyde and stained with 0.5% crystal violet, and counted by an inverted microscope (Olympus, Tokyo, Japan). All experiments are performed three times.

Dual-Luciferase Reporter Assay {#S0002-S2007}
------------------------------

The wild-type (WT) or mutant (MUT) of AGAP2-AS1 or 3ʹ-UTR of PTN containing the putative binding sites of miR-628-5p was synthesized and inserted into the pGL3-control luciferase reporter vectors (Promega, Madison, WI, USA), namely wild-type plasmids (WT-AGAP2-AS1, 3ʹUTR-WT-PTN) or mutant-type plasmids (MUT-AGAP2-AS1, 3ʹUTR-MUT-PTN). WT or MUT plasmid transiently co-transfected with miR-628-5p mimic or miR-control into SHG44 and U251 cells for 48 h. Finally, luciferase activity was examined using the Dual-Luciferase Assay System (Promega) and normalized to Renilla luciferase activity. All experiments are performed three times.

RNA Immunoprecipitation (RIP) Assay {#S0002-S2008}
-----------------------------------

EZ-Magna RIP Kit (Millipore) was applied to conduct RIP assay. In brief, SHG44 and U251 cells were lysed by a complete RIP lysis buffer. After that, whole-cell extract (100 µL) was incubated by RIP buffer containing magnetic beads coated with human anti-argonaute2 (Ago2) or anti-IgG antibody (as control). Next, samples were digested using the proteinase K. Lastly, immunoprecipitated RNA was isolated, and the expression levels of AGAP2-AS1 and miR-628-5p were examined by qRT-PCR.

Western Blot Assay {#S0002-S2009}
------------------

Total protein from tissues and cells (SHG44 and U251) was extracted using RIPA lysis buffer supplemented with protease (Beyotime) on ice. The protein concentration of the lysates was assessed by a bicinchoninic acid protein assay kit (Tanon, Shanghai, China). Protein from each sample (about 40 μg) was subjected to 12% SDS-PAGE (80 V for 30 min and 120 V for 40 min). Subsequently, the gels containing the goal protein were transferred onto a polyvinylidene fluoride (PVDF) membrane (0.2 μm, Beyotime). After that, the membranes containing the goal protein were blocked using 5% non-fat milk in Tris-Buffered Saline Tween-20 (TBST), followed by incubation overnight at 4°C with the specific antibodies against PTN (1:2000, ab223675, Abcam, Cambridge, MA, USA) and GAPDH (1:2000, ab37168, Abcam). After washing with TBST, secondary antibody was added to the blots for 2 h. Finally, the blots were detected with enhanced chemiluminescence reagent (Pierce, Rockford, IL, USA). The protein level of PTN was normalized by GAPDH. The intensity of the bands was analyzed by ImageJ software. All experiments are performed three times.

Tumor Xenograft Model {#S0002-S2010}
---------------------

The animal experiments were performed in accordance with the Guidelines for Care and Use of Laboratory Animals of "National Institutes of Health" and approved by the Animal Experimental Ethics Committee of The Fifth Affiliated Hospital Sun Yat-Sen University. BALB/c nude mice (five-week-old, male) were provided by Shanghai Experimental Animal Center (Shanghai, China). The mice were randomly grouped on the basis of body weight on the day of tumor cell inoculation using the stratiﬁed randomization method (n=7/group). U251 cells transfected with sh-NC or sh-AGAP2-AS1 were subcutaneously injected into the dorsal flanks of nude mice. We examined the xenograft tumor volume every week and calculated by the following formula: length × width^2^/2. After 5 weeks, mice were sacriﬁced, and the tumors were weighed and collected for further analysis.

Statistical Analysis {#S0002-S2011}
--------------------

All experiments were repeated at least 3 times in this study. Data were expressed as the mean ±standard deviation (SD). All statistical analyses were performed using GraphPad version 6.0 software (GraphPad Software Inc., La Jolla, CA, USA). Student's *t*-test was used to analyze differences between two groups, and the significance of differences among multiple groups was analyzed by one-way analysis of variance (ANOVA) followed by Turkey's post hoc test. *P*\<0.05 was regarded as statistically significant.

Results {#S0003}
=======

AGAP2-AS1 Expression Was Increased in Glioma Tissues and Cells {#S0003-S2001}
--------------------------------------------------------------

To explore the potential role of AGAP2-AS1 in glioma, the qRT-PCR was used to analyze the expression of AGAP2-AS1 in glioma tissues and cells. The results showed that AGAP2-AS1 expression was increased in LGG cases and HGG cases compared with that in NBTs. Moreover, HGG cases had higher AGAP2-AS1 expression than LGG cases ([Figure 1A](#F0001){ref-type="fig"}). Furthermore, the relative higher level of AGAP2-AS1 was observed in glioma cell lines (A172, LN229, SHG44 and U251) rather than in NHA cells, especially in SHG44 and U251 cells ([Figure 1B](#F0001){ref-type="fig"}). Thus, we chose SHG44 and U251 cells for further investigation. Furthermore, the relationship between the relative expression of AGAP2-AS1 and clinicopathologic characteristics of glioma patients was analyzed. As shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=250890.doc)]{.ul}, the high expression level of AGAP2-AS1 was significantly associated with tumor size and WHO grade, but not with age, gender lymphatic metastasis, and differentiation grade. All these results indicated that AGAP2-AS1 might play an oncogenic role in glioma.Figure 1AGAP2-AS1 expression was enhanced in glioma tissues and cells. (**A**) The level of AGAP2-AS1 was measured in NBTs, LGG and HGG cases by qRT-PCR. (**B**) The expression of AGAP2-AS1 was determined in glioma cell lines (A172, LN229, SHG44, and U251) and NHA by qRT-PCR. \**P*\<0.05.

Knockdown of AGAP2-AS1 Suppressed Proliferation, Migration and Invasion, but Facilitated Apoptosis in Glioma Cells {#S0003-S2002}
------------------------------------------------------------------------------------------------------------------

To analyze the functional roles of AGAP2-AS1 in glioma, we interfered with endogenous AGAP2-AS1 expression in SHG44 and U251 cells via transfection with specific siRNA. The transfection efficiency was evaluated using qRT-PCR. As shown in [Figure 2A](#F0002){ref-type="fig"} and [B](#F0002){ref-type="fig"}, the expression of AGAP2-AS1 was dramatically decreased in SHG44 and U251 cells transfected with si-AGAP2-AS1 compared with those cells transfected with si-control or NC group (untransfected cells). CCK-8 assay suggested that knockdown of AGAP2-AS1 markedly impaired SHG44 and U251 cell growth ([Figure 2C](#F0002){ref-type="fig"} and [D](#F0002){ref-type="fig"}). Moreover, the change in the cell apoptosis after silencing AGAP2-AS1 was analyzed using flow cytometry analysis. As presented in [Figure 2E](#F0002){ref-type="fig"} and [F](#F0002){ref-type="fig"}, silenced AGAP2-AS1 induced the apoptosis of SHG44 and U251 cells. Transwell assay demonstrated that the depletion of AGAP2-AS led to a significant suppression of migration and invasion abilities in SHG44 and U251 cells ([Figure 2G](#F0002){ref-type="fig"} and [H](#F0002){ref-type="fig"}). All these findings proved that the AGAP2-AS1 was a tumor promoter in glioma progression in vitro.Figure 2Knockdown of AGAP2-AS1 inhibited glioma cell progression. SHG44 and U251 cells were divided into 3 groups: NC (untransfected cells), si-control and si-AGAP2-AS1. (**A** and **B**) AGAP2-AS1 level was determined by qRT-PCR. (**C** and **D**) Cell proliferation was assessed by CCK-8 assay. (**E** and **F**) Cell apoptosis was analyzed using flow cytometry. The proportion of non-apoptotic cells (left lower quadrant: Annexin V-FITC^−^/PI^−^), early apoptotic cells (right lower quadrant: Annexin V-FITC^+^/PI^−^), late apoptotic/necrotic cells (right upper quadrant: Annexin V-FITC^+^/PI^+^) and dead cells (left upper quadrant: Annexin V-FITC^−^/PI^+^). (**G** and **H**) Transwell was employed to examine cell migration and invasion abilities. \**P*\<0.05.

AGAP2-AS1 Served as a Molecular Sponge of miR-628-5p in Glioma Cells {#S0003-S2003}
--------------------------------------------------------------------

It is generally accepted that lncRNAs could function as sponges or decoys of miRNAs to modulate target mRNAs expression. Thus, we intended to explore whether AGAP2-AS1 could modulate gene expression through sponging miRNAs. The starBase v3.0 was employed to search AGAP2-AS1 targets, miR-628-5p was found to potentially bind to AGAP2-AS1 ([Figure 3A](#F0003){ref-type="fig"}). Then, a dual-luciferase reporter system was used to determine whether miR-628-5p could directly bind to AGAP2-AS1. The results showed that overexpression of miR-628-5p remarkably decreased the luciferase activity of WT-AGAP2-AS1, whereas no obvious change on the luciferase activity of MUT-AGAP2-AS1 was found in SHG44 and U251 cells ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). To determine whether AGAP2-AS1 and miR-628-5p were in the same RNA induced silencing complex (RISC) complex, RIP experiments were performed. The results showed that AGAP2-AS1 and miR-628-5p were greatly enriched in Ago2-containing beads compared with IgG control group ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}), suggesting the endogenous interaction between AGAP2-AS1 and miR-628-5p. Besides, the upregulation of miR-628-5p resulted in a significant promotion of miR-628-5p expression, while overexpression of AGAP2-AS1 attenuated the expression ([Figure 3F](#F0003){ref-type="fig"}). Moreover, restoration of miR-628-5p prominently blocked the proliferation, migration and invasion but induced apoptosis of SHG44 and U251 cells, while these effects were abolished by upregulating AGAP2-AS1 ([Figure 3G](#F0003){ref-type="fig"}--[K](#F0003){ref-type="fig"}). These results disclosed that AGAP2-AS1 might exert biological function via serving as a sponge of miR-628-5p in glioma cells.Figure 3AGAP2-AS1 interacted with miR-628-5p. (**A**) The potential binding sites between miR-628-5p and AGAP2-AS1 were predicted by starBase v3.0. (**B** and **C**) The luciferase activity was measured in SHG44 and U251 cells co-transfected with WT- AGAP2-AS1 or MUT-AGAP2-AS1 and miR-628-5p or miR-control. (**D** and **E**) The enrichment of AGAP2-AS1 and miR-628-5p was measured by RIP assay in SHG44 and U251 cells incubated with Ago2 or IgG. (**F**--**K**) SHG44 and U251 cells were transfected with miR-control, miR-628-5p or miR-628-5p + AGAP2-AS1. (**F**) The abundance of miR-628-5p was detected by qRT-PCR. (**G** and **H**) CCK-8 assay was used to evaluate cell proliferation. (**I**) Flow cytometry analysis was used to measure cell apoptosis rate. (**J** and **K**) The number of migrated and invaded cells was determined by transwell assay. \**P*\<0.05.

PTN Was a Direct Target of miR-628-5p in Glioma Cells {#S0003-S2004}
-----------------------------------------------------

To elucidate the underlying mechanism of miR-628-5p exerting its functional effects in glioma, the downstream targets of miR-628-5p were predicted by TargetScan. As shown in [Figure 4A](#F0004){ref-type="fig"}, putative binding sites between PTN and miR-628-5p, suggesting that PTN might be a target of miR-628-5p. To validate this prediction, we constructed the 3ʹUTR-WT-PTN or 3ʹUTR-MUT-PTN luciferase reporter vector and introduced them into SHG44 and U251 cells. Dual-luciferase reporter assay suggested that the luciferase activity was strongly suppressed in SHG44 and U251 cells co-transfected with 3ʹUTR-WT-PTN and miR-628-5p, while it was not changed in 3ʹUTR-MUT-PTN group ([Figure 4B](#F0004){ref-type="fig"}). In addition, the effect of miR-628-5p on the levels of PTN mRNA and protein in U251 and SHG44 cells was explored. The data showed that the mRNA and protein levels of PTN were decreased after transfection with miR-628-5p mimic ([Figure 4C](#F0004){ref-type="fig"} and [D](#F0004){ref-type="fig"}), suggesting PTN was negatively regulated by miR-628-5p. Moreover, PTN mRNA and protein levels were notably decreased in SHG44 and U251 cells transfected with si-PTN, while the effect was abated by co-transfection with miR-628-5p inhibitor ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). Besides, downregulation of miR-628-5p partly reversed anti-proliferation, anti-migration, anti-invasion, and pro-apoptosis effects caused by PTN knockdown ([Figure 4G](#F0004){ref-type="fig"}--[J](#F0004){ref-type="fig"}). Taken together, these data indicated that miR-628-5p exerted its anti-tumor function via regulating PTN expression in glioma cells.Figure 4MiR-628-5p exerted its anti-tumor role by regulating PTN. (**A**) The putative binding sites between miR-628-5p and PTN were predicted by TargetScan. (**B**) Relative luciferase activity was determined in both SHG44 and U251 (cells co-transfected with miR-628-5p or miR-control and 3ʹUTR-WT-PTN or 3ʹUTR-MUT-PTN). (**C** and **D**) The mRNA and protein expression of PTN were analyzed in SHG44 and U251 cells transfected with miR-control or miR-628-5p by qRT-PCR and Western blot analyses, respectively. (**E**--**J**) SHG44 and U251 cells were transfected with si-control, si-PTN, si-PTN + miR-628-5p inhibitor. (**E** and **F**) The mRNA and protein expression of PTN were examined by qRT-PCR and Western blot assays, respectively. (**G**) Cell proliferation was measured by CCK-8 assay. (**H**) Cell apoptosis rate was assessed by flow cytometry analysis. (**I** and **J**) Transwell assay was used to analyze cell migration and invasion capacities. \**P*\<0.05.

PTN Was Regulated by AGAP2-AS1 and miR-628-5p {#S0003-S2005}
---------------------------------------------

To determine whether AGAP2-AS1 functioned as a ceRNA of miR-628-5p to regulate PTN expression, SHG44 and U251 cells were transfected with si-control, si-AGAP2-AS1, si-AGAP2-AS1 + inhibitor-control, or si-AGAP2-AS1 + miR-628-5p inhibitor. The qRT-PCR and Western blot assays showed that transfection with si-AGAP2-AS1 reduced the mRNA and protein expression of PTN in SHG44 and U251 cells, while the decreased expression of PTN was increased again by co-transfection with miR-628-5p inhibitor ([Figure 5A](#F0005){ref-type="fig"}--[C](#F0005){ref-type="fig"}). Collectively, our data revealed that AGAP2-AS1 functioned as a ceRNA of miR-628-5p to modulate PTN expression.Figure 5PTN expression was regulated by miR-628-5p and AGAP2-AS1 in glioma cells. (**A**--**C**) The mRNA and protein expression levels of PTN in SHG44 and U251 transfected with si-control, si-AGAP2-AS1, si-AGAP2-AS1 + inhibitor-control, or si-AGAP2-AS1 + miR-628-5p inhibitor were detected by qRT-PCR and Western blot, respectively. \**P*\<0.05.

Knockdown of AGAP2-AS1 Inhibited Glioma Tumorigenesis in vivo {#S0003-S2006}
-------------------------------------------------------------

To confirm the effect of AGAP2-AS1 on glioma in vivo, U251 cells stably transfected with sh-NC or sh-AGAP2-AS1 were subcutaneously injected into the flanks of nude mice. Knockdown of AGAP2-AS1 greatly inhibited tumor volume and weight in xenograft model ([Figure 6A](#F0006){ref-type="fig"} and [B](#F0006){ref-type="fig"}). Additionally, qRT-PCR analysis presented that knockdown of AGAP2-AS1 led to a significant reduction of AGAP2-AS1 expression, while an increase of miR-628-5p level in excised tumor masses ([Figure 6C](#F0006){ref-type="fig"} and [D](#F0006){ref-type="fig"}). Furthermore, qRT-PCR and Western blot assays demonstrated that deficiency of AGAP2-AS1 evidently reduced the mRNA and protein expression of PTN ([Figure 6E](#F0006){ref-type="fig"} and [F](#F0006){ref-type="fig"}). Thus, it was concluded that AGAP2-AS1 inhibition reduced tumor growth by regulating miR-628-5p and PTN in vivo.Figure 6Deficiency of AGAP2-AS1 suppressed tumor growth by regulating miR-628-5p and PTN in xenograft model. (**A**) The U251 cells introduced with sh-AGAP2-AS1 or sh-control were subcutaneously injected into nude mice, and tumor volume was examined every week. (**B**) The resected tumors were weighed after 5 weeks of injection. (**C**--**E**) The expression levels of AGAP2-AS1, miR-628-5p and PTN were measured in tumor tissues by qRT-PCR. (**F**) The protein level of PTN was detected in tumor tissues using Western blot analysis. \**P*\<0.05.

Discussion {#S0004}
==========

Glioma is the most common and lethal brain tumor with an extremely poor prognosis. The aim of this research was to find a novel underlying mechanism in tumorigenesis and progression of glioma. Recently, increasing lncRNAs have been identified to be involved in the occurrence and development of different tumors, including glioma.[@CIT0022],[@CIT0023] Here, we focused on explaining the biological functions and the potential mechanism of AGAP2-AS1 in the occurrence and progression of glioma.

AGAP2-AS1 has been indicated to be dysregulated in many diseases and participated in multiple cell behaviors, such as proliferation, apoptosis, metastasis, and differentiation.[@CIT0012],[@CIT0024] Notably, AGAP2-AS1 was confirmed to promote cell proliferation in glioma cells via sponging miR-15a/b-5p to regulate HDGF.[@CIT0014] In addition, Tian et al proved that AGAP2-AS1 depletion limited cell growth and metastasis, but accelerated apoptosis in glioblastoma (GBM).[@CIT0025] Moreover, Luo et al demonstrated that AGAP2-AS1 level was enhanced in GBM and positively associated with poor prognosis, and AGAP2-AS1 depletion repressed growth and invasion but facilitated apoptosis in GBM cells through silencing TFPI2.[@CIT0026] Nevertheless, the regulatory mechanisms of AGAP2-AS1 in glioma are still not well understood. Firstly, we found that AGAP2-AS1 abundance was enhanced in HGG cases compared with NBTs or LGG cases, which was in line with previous studies. Subsequently, we characterized the functional roles of AGAP2-AS1 in glioma by using loss-of-function experiments. The resulted disclosed that AGAP2-AS1 inhibition suppressed the glioma cell growth and metastasis, and contributed to apoptosis. Similarly, in vivo experiments uncovered that AGAP2-AS1 depletion repressed tumor growth. Our findings combined with previous studies demonstrated that AGAP2-AS1 played an oncogenic role in the progression of glioma.

It is widely accepted that lncRNAs commonly modulate genes expression via sharing the same miRNAs with their downstream mRNAs.[@CIT0027] In this research, starBase 3.0 was employed to search for AGAP2-AS1 targets, and miR-628-5p was found to potentially bind to AGAP2-AS1. Then, dual-luciferase reporter assay suggested that AGAP2-AS1 directly targeted miR-628-5p. MiR-628-5p has been proven to be a tumor suppressor or promoter in different tumors. For example, miR-628-5p has been demonstrated to block the progression of epithelial ovarian cancer via inhibiting FGFR2.[@CIT0016] Additionally, Wang et al demonstrated that miR-628-5p level was elevated in osteosarcoma and its knockdown blocked the proliferation and metastasis of osteosarcoma cells through targeting IFI44L.[@CIT0028] Besides, Xie et al found that miR-628-5p repressed glioma cell growth via targeting DDX59.[@CIT0019] In the current research, we found that restoration of miR-628-5p obviously limited the cell growth, migration and invasion but facilitated apoptosis in glioma cells, while these effects were abolished by upregulating AGAP2-AS1. Our findings suggested that miR-628-5p acted as a tumor suppressor in glioma. To clarify how miR-628-5p affected the progression of glioma, potential target was predicted by TargetScan. PTN containing binding sites of miR-628-5p was selected as the target for further analysis.

The emerging evidence has suggested that PTN was abnormally expressed in various cancers.[@CIT0029],[@CIT0030] Previous studies demonstrated that PTN expression was enhanced in glioma and positively correlated with poor survival, and PTN accelerated migration and proliferation in glioma cells, while its knockdown inhibited tumor growth in vitro and in vivo.[@CIT0021],[@CIT0031],[@CIT0032] Consistent with these findings, we also proved that downregulation of PTN limited cell proliferation and metastasis but facilitated apoptosis in glioma cells, whereas co-transfection of miR-628-5p abolished these effects. Moreover, the results displayed that PTN expression was positively regulated by AGAP2-AS1 and negatively regulated by miR-628-5p. In addition, deficiency of AGAP2-AS1 resulted in significant promotion of miR-628-5p expression and reduction of PTN level in tissues from xenograft mice. Therefore, these findings disclosed that AGAP2-AS1 functioned as a ceRNA via sponging miR-628-5p to modulate PTN expression in glioma.

Conclusion {#S0005}
==========

In conclusion, these findings showed that AGAP2-AS1 knockdown blocked the progression of glioma through functioning as ceRNA of miR-628-5p to regulate PTN expression. Hence, the AGAP2-AS1/miR-628-5p/PTN axis might be a promising therapeutic target for the treatment of glioma.
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